Application of strain and calibration of Förster Resonance Energy Transfer (FRET) emission for in vitro live cell response to cytoskeletal deformation.
Cellular mechanotransduction is an integral part of many crucial physiological processes, but non-invasive tools for quantifying intracellular strain in vivo are not available for complex tissues such as bone. As a first step to address this gap, we have utilized a novel, non-invasive approach to quantify cellular strain in vitro by employing a transfected alpha-actinin Förster Resonance Energy Transfer (FRET) sensor. Following validation experiments, mouse fibroblasts transfected to express FRET sensors were seeded to a silicone membrane and subjected to up to 10% tensile strain mounted on a multi-photon microscope. During tensile strain, fluorescent emission of acceptor (YFP) and donor (CFP) proteins was quantified. YFP/CFP ratio was normalized to the initial baseline (unstretched) ratio for each cell which demonstrates a negative linear correlation between the relative proximity ratio of emission spectra and cell strain, with a mean decrease of 1.017% normalized ratio for every percent strain experienced by the cell. The exciting implications of our findings are that the discovery of the stable correlation between loss of FRET and experimentally applied strain opens intriguing possibilities for future use of this technology with in vivo research, leading to discoveries improving disease treatments in mechanically sensitive tissues such as bone.